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6LPXODFLyQEDVDGDHQ60$GHVLVWHPDVRULJLQDOPHQWHUHSUHVHQWDGRVFRQ
('2
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E7HFQDOLD5HVHDUFK	,QQRYDWLRQ3DUTXH7HFQROyJLFRGHÈODYD&$OEHUW(LQVWHLQQ0LxDQRÈODYD(VSDxD


5HVXPHQ
(QHOSUHVHQWHWUDEDMRVHH[SRQHXQDPHWRGRORJtDSDUDPRGHODUPHGLDQWHXQ6LVWHPD0XOWL$JHQWH60$VLVWHPDVELROyJLFRV\
ILVLROyJLFRVGLQiPLFRV FRQYDULDEOHV FXDQWLILFDGDVGLVFUHWDV FRPRHO FUHFLPLHQWR \GHFUHFLPLHQWRGHSREODFLRQHVR HOPRGHODGR
HSLGHPLROyJLFRGHHQIHUPHGDGHV6HPXHVWUDXQSURFHGLPLHQWRSDUDWUDQVIRUPDUXQVLVWHPDGH(FXDFLRQHV'LIHUHQFLDOHV2UGLQDULDV
('2TXHPRGHODXQHQWRUQRGHIRUPDFRUUHFWDHQXQ60$HTXLYDOHQWHPHGLDQWHXQHVTXHPDEDVDGRHQHOPpWRGRGH0RQWH
&DUOR6HXWLOL]DXQFDVRSUiFWLFRIXQGDPHQWDGRHQXQPRGHORPDWHPiWLFRGH/HXFHPLD0LHORLGH&UyQLFD/0&SDUDFRPSDUDUOD
PHWRGRORJtD EDVDGD HQ DJHQWHV FRQ HOPRGHODGR WUDGLFLRQDO EDVDGR HQ XQ VLVWHPDGH('2 6H UHDOL]D XQD VLPXODFLyQ FRQ FDGD
PRGHOR 60$ \ ('2 \ VH FRPSDUD ORV UHVXOWDGRV REWHQLGRV FRQ DPEDVPHWRGRORJtDV &RS\ULJKW&($ 3XEOLFDGR SRU
(OVHYLHU(VSDxD6/7RGRVORVGHUHFKRVUHVHUYDGRV
3DODEUDV&ODYH
(FXDFLRQHVGLIHUHQFLDOHVPRGHOREDVDGRHQDJHQWHV0RQWH&DUOR

 
$XWRUHQFRUUHVSRQGHQFLD
&RUUHRVHOHFWUyQLFRVHNDLW]]XOXHWD#HKXHV(=XOXHWD
DVLHUJRQ]DOH]#WHFQDOLDFRP$*OH]*OH]
MPORSH]#HKXHV-0/RSH]*XHGHLVLGURFDOYR#HKXHV,&DOYR*RUGLOOR
 ,1752'8&&,Ï1
(Q HVWH WUDEDMR VH SURSRQH XQ QXHYR HQIRTXH HQ HO
PRGHODGR GH VLVWHPDV ELROyJLFRV GLQiPLFRV FRQ YDULDEOHV
FXDQWLILFDGDV GLVFUHWDV (VWRV PRGHORV GLQiPLFRV VH DMXVWDQ
SULQFLSDOPHQWH D XQD JUDQ FDQWLGDG GH VLVWHPDV GH WLSR
ELROyJLFR \ ILVLROyJLFR FRPR HO PRGHODGR GH SREODFLRQHV
0XUUD\ D R HO PRGHODGR GH HQIHUPHGDGHV
HSLGHPLROyJLFDV0XUUD\E

3DUDHOPRGHODGRGHORVVLVWHPDVELROyJLFRVGLQiPLFRVVH
XVDQGLIHUHQWHVWpFQLFDVPDWHPiWLFDV9DQ'HQ%HUJ
6KRQNZLOHUHWDO%UDXHUHWDO(QWUHODVPiV
GHVWDFDGDV HVWiQ ODV HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV
('2 ODV HFXDFLRQHV HQ GHULYDGDV SDUFLDOHV \ PRGHORV
EDVDGRV HQSURFHVRV HVWRFiVWLFRV :RGDU] DQG.RPDURYD
'HHVWDVWpFQLFDVGHPRGHODGRHOSUHVHQWHWUDEDMRVH
FHQWUDHQHOPRGHODGRFRQ('2

(Q HVWH WUDEDMR VH SODQWHD XQ QXHYR HQIRTXH SDUD HO
PRGHODGR GH HVWRV VLVWHPDV EDVDGR HQ XQ 6LVWHPD0XOWL
$JHQWH 60$ \ VH H[SRQH XQD PHWRGRORJtD SDUD
FRQVWUXLUOR D SDUWLU GHXQ FRQMXQWRGH('2VTXHPRGHODQ
FRUUHFWDPHQWHHOHQWRUQR

$VLPLVPRVHSUHVHQWDXQFDVRSUiFWLFRTXHFRPSDUDORV
UHVXOWDGRV REWHQLGRV FRQ HVWRV GRV PRGHODGRV 60$ \
VLVWHPD GH ('2 (O FDVR SUiFWLFR VH EDVD HQ XQ PRGHOR
PDWHPiWLFRGH/HXFHPLD0LHORLGH&UyQLFD 3DYyQ0RUiQ
HWDO

Introducción
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/DSUREOHPiWLFDGHOPRGHODGRFRQHFXDFLRQHV
GLIHUHQFLDOHV
([LVWH XQD DPSOLD ELEOLRJUDItD TXH WUDWD HO WHPD GHO
PRGHODGRGHVLVWHPDVELROyJLFRVGLQiPLFRVFRQHFXDFLRQHV
GLIHUHQFLDOHV (Q %DVVH DQG8EH]LR  VHPRGHOD XQ
VLVWHPDGHHFXDFLRQHVHQGHULYDGDVSDUFLDOHVTXHJRELHUQD
OD FLQpWLFD GH XQD SREODFLyQ GH FpOXODV \ OD GHQVLGDG GH
pVWDVHQGHWHUPLQDGDVIDVHVGHOFLFORGHODGLYLVLyQFHOXODU
(Q 6SHQFHU HW DO   VH DQDOL]D XQPRGHOR GH ('2
TXHH[SORUDHOHTXLOLEULRHQWUHODDQJLRJpQHVLVODVWDVDVGH
PXHUWH FHOXODU ODV PXWDFLRQHV JHQpWLFDV \ ODV WDVDV GH
UHSURGXFFLyQHQHOGHVDUUROORGHOFiQFHU2WURVPRGHODGRV
PDWHPiWLFRV GH FpOXODV WXPRUDOHV FRQ HFXDFLRQHV
GLIHUHQFLDOHV SXHGHQ FRQVXOWDUVH HQ 1DJ\ 
%XQLPRYLFK0HQGUD]LWVN\ HW DO  6]\PDQVND HW DO


([LVWHQ XQD VHULH GH IDFWRUHV TXH KDFHQ TXH ODV
HFXDFLRQHVGLIHUHQFLDOHVQRVHPXHVWUHQORVXILFLHQWHPHQWH
DGHFXDGDVSDUDPRGHODUHVWHWLSRGHVLVWHPDV
• 8Q PRGHOR EDVDGR HQ HFXDFLRQHV GLIHUHQFLDOHV
GHVFULEH HO VLVWHPD GH IRUPD GHWHUPLQLVWD PHGLDQWH
YDORUHVSURPHGLRGHODVYDULDEOHVGHHVWDGR(OPRGHOR
VyOR FRQVLGHUD HO FRPSRUWDPLHQWRPHGLR GH WRGRV ORV
LQGLYLGXRV VLQ WHQHU HQ FXHQWD OD YDULDQ]D GH OD
SREODFLyQNVHQGDO
• (Q HO PRGHODGR GH SREODFLRQHV \ GH HQIHUPHGDGHV
HSLGHPLROyJLFDV H[LVWH XQD DOHDWRULHGDG H[SOLFDGD HQ
SDUWHSRUHOIHQyPHQRItVLFRGHOHIHFWRGHOPRYLPLHQWR
EURZQLDQR /HZLV DQG 3XOq  3RU HMHPSOR ODV
SREODFLRQHV GH EDFWHULDV *XDQJODL HW DO  \ GH
DQLPDOHV +RUQH HW DO  HVWiQ LQIOXLGRV
IXHUWHPHQWHSRUHVWHHIHFWR'HKHFKR ODGLVWULEXFLyQ
HVSDFLDO GH ORV HOHPHQWRV TXH FRQIRUPDQ HO PRGHOR
LQIOX\H QRWDEOHPHQWH HQ VX HYROXFLyQ FXHVWLyQ pVWD
TXH QR VH FRQWHPSOD IiFLOPHQWH HQ ODV HFXDFLRQHV
GLIHUHQFLDOHV RUGLQDULDV \ TXH VH SXHGH SODQWHDU FRQ
QDWXUDOLGDGHQQXHVWURHQIRTXH
• /DV HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV VRQ
GHWHUPLQLVWDVSRUWDQWRSDUDXQDVPLVPDVFRQGLFLRQHV
LQLFLDOHV OD VROXFLyQ VLHPSUH HV OD PLVPD $JDUZDO
DQG2
5HJDQ
• ([LVWH OD SRVLELOLGDGGHTXH HQ XQ LQVWDQWH GH WLHPSR
DOJXQD YDULDEOH GH HVWDGR GHO PRGHOR GH ('2 Gp XQ
UHVXOWDGR QHJDWLYR 6L VH PRGHOD SREODFLRQHV R
HQIHUPHGDGHV HSLGHPLROyJLFDV HVWD VLWXDFLyQ QR HV
FRUUHFWD \D TXH QR WLHQH VHQWLGR TXH OD FDQWLGDG GH
FpOXODV TXH H[LVWHQ HQ XQ PRPHQWR GHWHUPLQDGR VHD
QHJDWLYD
• 8QVLVWHPDGH('2XVDODVYDULDEOHVGHHVWDGRGHQWUR
GHO UDQJR GH ORV Q~PHURV UHDOHV 0RGHODU GH HVWD
PDQHUD SREODFLRQHV R HQIHUPHGDGHV HSLGHPLROyJLFDV
QR HV UHDOLVWD SRUTXH ODV YDULDEOHV GLQiPLFDV VRQ
GLVFUHWDV 3RU HMHPSOR VL PRGHODPRV SREODFLRQHV GH
FpOXODV QR HV UHDOLVWD TXH HO Q~PHUR GH FpOXODV VHD
IUDFFLRQDULR
• (QRFDVLRQHVHOPRGHODGRFRQHFXDFLRQHVGLIHUHQFLDOHV
KDFHTXHHOFRQMXQWRGHHFXDFLRQHVVHDPX\FRPSOHMR
\ SUHVHQWHQ XQ HOHYDGR Q~PHUR GH SDUiPHWURV TXH
GHEHQVHUFDOFXODGRVRDMXVWDGRV/D LGHQWLILFDFLyQGH
ORV YDORUHV GH HVWRV SDUiPHWURV QR UHVXOWD VHQFLOOD GH
UHDOL]DUHQJHQHUDO
7UDEDMRVUHODFLRQDGRV
&RPR VH KD H[SOLFDGR H[LVWH DPSOLD ELEOLRJUDItD TXH
WUDWD HO PRGHODGR GH VLVWHPDV ELROyJLFRV FRQ ('2 SHUR
WDPELpQ H[LVWHQ WUDEDMRV TXHPRGHODQ VLVWHPDV ELROyJLFRV
XVDQGRWpFQLFDVEDVDGDVHQDJHQWHV%HQMDPLQHWDO
5HGRXHWDO

$OJXQRV WUDEDMRV SURSRQHQ PRGHORV KtEULGRV GH
VLPXODFLyQ HQ ORV TXH XWLOL]DQ GH IRUPD FRPELQDGD
VLVWHPDV EDVDGRV HQ DJHQWHV \ HFXDFLRQHV GLIHUHQFLDOHV
*XRHWDO%DQHUMHHDQG0RVHV

/D QRYHGDG GH HVWH WUDEDMR UHVLGH HQ OD GLVHxR GH XQD
PHWRGRORJtD JHQHUDO SDUD WUDQVIRUPDU XQ VLVWHPD GH('2
HQ XQ 60$ HTXLYDOHQWH \ HQ OD FRPSDUDFLyQ GH ORV GRV
PRGHORV PHGLDQWH XQ FDVR SUiFWLFR EDVDGR HQ XQ PRGHOR
PDWHPiWLFR GH /HXFHPLD 0LHORLGH &UyQLFD (O PRGHOR
60$SURSXHVWR SHUPLWH GHVFULELU HQ WpUPLQRV HVWDGtVWLFRV
HYHQWRV WDQ UHOHYDQWHV FRPR OD H[WLQFLyQ GH XQD
GHWHUPLQDGDSREODFLyQGHFpOXODVTXHSXHGHQGHVHQFDGHQDU
XQDSDWRORJtD

 $548,7(&785$
/DDUTXLWHFWXUDJHQpULFDHTXLYDOHQWHDXQ VLVWHPD('2
GDGRTXHVHSURSRQHVHEDVDHQXQPRGHOR0XOWL$JHQWHR
60$TXHVHFRQVWUX\HDSDUWLUGHGLFKRVLVWHPD('26H
FRQVLGHUD SDUD VLPSOLILFDU HO GHVDUUROOR TXH WRGDV ODV
HFXDFLRQHVGLIHUHQFLDOHVVRQ('2GHSULPHURUGHQ

(Q SULPHU OXJDU DVXPLPRV TXH VH SDUWH GH XQPRGHOR
FRQ XQ VLVWHPD GH XQD R YDULDV ('2V TXH GHVFULEHQ
FRUUHFWDPHQWH HO FRPSRUWDPLHQWR PHGLR GH XQ VLVWHPD
ELROyJLFRFRQYDULDEOHVFXDQWLILFDGDVGLVFUHWDV

( )     SDUD  L L QG[ I [ [ [ W L QGW = = 

$ SDUWLU GH HVWHPRGHOR GH HFXDFLRQHV GLIHUHQFLDOHV VH
FRQVWUX\H XQ 60$ 8Q 60$ HV XQ VLVWHPD GH P~OWLSOHV
DJHQWHV DXWyQRPRV TXH LQWHUDFFLRQDQ HQWUH Vt \ FRQ HO
HQWRUQREXVFDQGRVDWLVIDFHUFDGDXQRVXVSURSLRVREMHWLYRV
:RROGULGJH

(OPRGHOR0XOWL$JHQWHPiVVHQFLOOR\TXHUHSURGXFHHO
FRPSRUWDPLHQWR GH XQPRGHOR FRQ('2V HVWi FRPSXHVWR
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SRU WUHVHOHPHQWRV ORVDJHQWHVHOHQWRUQR\ ODVGLIHUHQWHV
FRQH[LRQHV $ FRQWLQXDFLyQ VH GHVFULEH HQ GHWDOOH FDGD
HOHPHQWRGHGLFKRPRGHOR

$JHQWHV
8Q DJHQWH HV XQD HQWLGDG GH VRIWZDUH VLWXDGR HQ XQ
HQWRUQRYLUWXDOFDSD]GHDFWXDUFRPXQLFDUVH UHSURGXFLUVH
\ HQ JHQHUDO WHQHU XQ FRPSRUWDPLHQWR DXWyQRPR 8Q
DJHQWH HQ IXQFLyQ GH ODV SHUFHSFLRQHV \ GH VXV UHFXUVRV
LQWHUDFFLRQD FRQ HO HQWRUQR \ FRQ RWURV DJHQWHV )HUEHU


(Q OD ILJXUD  SXHGH YHUVH HO HVTXHPD TXH VLJXH XQ
DJHQWH HQ FDGD LWHUDFLyQ 3ULPHUR SHUFLEH OXHJR GHFLGH \
SRUXOWLPRDFW~D


)LJXUD3URFHVRTXHVLJXHFDGDDJHQWHHQFDGDLWHUDFLyQ

(QODDUTXLWHFWXUDEDVDGDHQDJHQWHVTXHVHSURSRQHODV
YDULDEOHVGHHVWDGRGHOVLVWHPDGH('2GHODHFXDFLyQ
QRFRUUHVSRQGHQGLUHFWDPHQWHFRQDJHQWHVVLQRFRQJUXSRV
GHHVSHFLHVGHODVLJXLHQWHPDQHUD
• (OQ~PHURGHHVSHFLHVGLIHUHQWHVGH$JHQWHVGHO60$
FRUUHVSRQGHDOQ~PHURGHYDULDEOHVGHHVWDGRµQ¶HQHO
VLVWHPDGH('2
• /DVXPDGHOQ~PHURGHLQGLYLGXRVGHFDGDHVSHFLHHQ
HO 60$ FRUUHVSRQGH D ODV YDULDEOHV GH HVWDGR GHO
VLVWHPDGH('2µ[[«[Q¶

3HUFHSFLyQ
&DGDDJHQWHUHFLEHHQFDGDLWHUDFLyQXQDVHULHGHGDWRV
TXHVRQUHFRJLGRVGHOHQWRUQRDXQTXHGH IRUPD LQGLUHFWD
SXHGHQVHUGDWRVTXHSURYLHQHQGHRWURVDJHQWHV

3DUD WUDQVIRUPDU HO VLVWHPD GH('2 HQ XQ60$ FDGD
DJHQWH SHUFLEH GHO HQWRUQR HO Q~PHUR GH DJHQWHV TXH
H[LVWHQGHFDGDHVSHFLH

'HFLVLyQ
(Q IXQFLyQ GH ODV SHUFHSFLRQHV FDGD DJHQWH WRPD XQDV
GHFLVLRQHV (VWDV GHFLVLRQHV VH WRPDQ HQ IXQFLyQ GH ODV
SUREDELOLGDGHV GH VXV PiTXLQDV GH HVWDGRV LQWHUQD TXH
SXHGHWHQHURQRPHPRULD3DUXQDNDQG%UXHFNQHU
/D WRPD GH GHFLVLRQHV HV OD SDUWH FHQWUDO GH VX
FRPSRUWDPLHQWR

&DGDDJHQWHWLHQHDOPHQRVGRVPiTXLQDVGHHVWDGRVFRQ
SUREDELOLGDGHV GH WUDQVLFLyQ HQWUH ORV HVWDGRV /DV
PiTXLQDV GH HVWDGRV VRQ GHSHQGLHQWHV GHO Q~PHUR GH
DJHQWHVGHFDGDHVSHFLH\GHO WLHPSR(VWDVGRVPiTXLQDV
GH HVWDGRV VRQ GHQRPLQDGDV µ9LYLU0RULU¶ \ µ5HSURGXFLU
$ERUWDU¶

3XHGHQ DxDGLUVH RWUDV PiTXLQDV GH HVWDGRV VLQ
HPEDUJRHOFDVRPiVVLPSOHTXHVHGHWDOODDFRQWLQXDFLyQ
HVFRQHVWDVGRVPiTXLQDVGHHVWDGRV
0iTXLQDGHHVWDGRVµ9LYLU0RULU¶
/DPiTXLQD GH HVWDGRV µ9LYLU0RULU¶ HVWi GHILQLGD SRU
GRVHVWDGRVµ9LYR¶\µ0XHUWR¶
• 6LXQDJHQWHSDVDDXQHVWDGRµ0XHUWR¶HVWHDJHQWHVH
HOLPLQD \ GHVDSDUHFH /D SUREDELOLGDG GH TXH XQ
DJHQWH GH OD HVSHFLH µL¶ SDVH DO HVWDGR µ0XHUWR¶ VH
UHSUHVHQWDSRUµ3LP¶
• 6L XQ DJHQWH HVWi HQ HO HVWDGR µ9LYR¶ H[LVWH \ SXHGH
GHVSOD]DUVHSRUHOHQWRUQR/DSUREDELOLGDGGHTXHXQ
DJHQWHGHODHVSHFLHµL¶SHUPDQH]FDHQHOHVWDGRµ9LYR¶
VHUHSUHVHQWDSRUµ3LY¶\VHFDOFXODFRPR

  SDUD  L Y L P3 3 L Q= − = 

(Q OD ILJXUD  SXHGH YHUVH ORV GRV HVWDGRV \ ODV
SUREDELOLGDGHV GH WUDQVLFLyQ (O HVWDGR µ0XHUWR¶ HV XQ
HVWDGRDEVRUEHQWHGHOFXDOHODJHQWHQRSXHGHVDOLU


)LJXUD0iTXLQDGHHVWDGRVµ9LYLU0RULU¶

0iTXLQDGHHVWDGRVµ5HSURGXFLU$ERUWDU¶
/D VHJXQGD PiTXLQD GH HVWDGRV µ5HSURGXFLU$ERUWDU¶
WLHQHGRVHVWDGRVµ5HSURGXFH¶\µ$ERUWR¶
• 8QDJHQWHSXHGHJHQHUDUDSDUWLUGHVtPLVPRXQQXHYR
DJHQWH D HVWH HVWDGR OR OODPDPRV µ5HSURGXFH¶ /D
SUREDELOLGDGGHTXHXQDJHQWHGHODHVSHFLHµL¶HVWpHQ
HOHVWDGRµ5HSURGXFH¶VHUHSUHVHQWDSRUµ3LU¶
• 6LXQDJHQWHQRJHQHUDRWURDJHQWHDSDUWLUGHVLPLVPR
HVWiHQHO HVWDGR µ$ERUWR¶/DSUREDELOLGDGGHTXHXQ
DJHQWH GH OD HVSHFLH µL¶ HVWp HQ HO HVWDGR µ$ERUWR¶ VH
UHSUHVHQWDSRUµ3LD¶\VHFDOFXODFRPR

  SDUD  L D L U3 3 L Q= − = 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
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$FFLRQHV
/DV DFFLRQHV UHSUHVHQWDQ ODV GHFLVLRQHV TXH WRPD XQ
DJHQWH EDViQGRVH HQ HO HVWDGR HQ HO TXH VH HQFXHQWUD (O
FDVR PiV VLPSOH OR FRPSRQH XQ DJHQWH TXH UHDOL]D ODV
DFFLRQHV GH ODV PiTXLQDV GH HVWDGRV µ9LYLU0RULU¶ \
µ5HSURGXFLU$ERUWDU¶


)LJXUD0iTXLQDGHHVWDGRVµ5HSURGXFLU$ERUWDU¶

6L XQ DJHQWH SHUPDQHFH HQ HO HVWDGR µ9LYR¶ GH OD
PiTXLQD GH HVWDGRV µ9LYLU0RULU¶ UHDOL]D OD DFFLyQ GH
GHVSOD]DUVHSRUHOHQWRUQR/RVDJHQWHVVHGHVSOD]DQSRUHO
HQWRUQR GHVFULELHQGR GLIHUHQWHV WUD\HFWRULDV HVSDFLDOHV $
FDGD HVSHFLH GH DJHQWH VH OH SXHGH DVLJQDU XQ WLSR GH
PRYLPLHQWR FDUDFWHUtVWLFR (O PRYLPLHQWR EURZQLDQR
GHVFULEH GH IRUPD UHDOLVWD ODV WUD\HFWRULDV GH HOHPHQWRV
ELROyJLFRVR ILVLROyJLFRV/HZLVDQG3XOq*XDQJODL
HWDO+RUQHHWDO

6L XQ DJHQWH SDVD DO HVWDGR µ5HSURGXFH¶ JHQHUD D XQ
QXHYRDJHQWHGHODPLVPDHVSHFLHTXHVHSRVLFLRQDGHQWUR
GHOHQWRUQRHQXQDXELFDFLyQPX\FHUFDQDDODJHQWHTXHOR
KDFUHDGR

(QWRUQR
/DVHQWUDGDVTXHXQDJHQWHUHFLEHSURYLHQHQGHOHQWRUQR
\GHOPLVPRPRGRODVVDOLGDVTXHXQDJHQWHSURGXFHYDQDO
HQWRUQR

(O PRGHODGR GHO HQWRUQR SXHGH VHU UHSUHVHQWDGR
PHGLDQWHXQDPDOODGHFHOGDVHQODTXHHQFDGDFHOGDSXHGH
KDEHUXQDJHQWH8QDFHOGDHVXQD]RQDGHOLPLWDGDGHVGHOD
FXDOFDGDDJHQWHSXHGHSHUFLELU ODVHQWUDGDVGHOHQWRUQR\
UHDOL]DUDFFLRQHV:H\QVHWDO:H\QVHWDO
6HFRQVLGHUDTXHHQXQDPLVPDFHOGDQRSXHGHH[LVWLUPiV
GHXQDJHQWH

&RQH[LRQHV
/DLQWHUDFFLyQHQWUHORVDJHQWHVSULQFLSDOPHQWHVHSXHGH
GDU PHGLDQWH  PHFDQLVPRV (O SULPHUR GH HOORV HV OD
FRPXQLFDFLyQGLUHFWDHQWUHORVDJHQWHVORTXHSHUPLWHXQD
LQWHUDFFLyQGLUHFWDHQWUHHOORV(OVHJXQGRPHFDQLVPRHVD
WUDYpVGHOHQWRUQR(VWDWpFQLFDVHEDVDHQTXHORVDJHQWHV
SXHGDQ PRGLILFDU VX HQWRUQR \ TXH ORV GHPiV DJHQWHV
GHWHFWHQ HVD PRGLILFDFLyQ GiQGRVH DVt XQD LQWHUDFFLyQ
LQGLUHFWD

(QQXHVWURPRGHORVHKDFRQVLGHUDGRTXHODLQIRUPDFLyQ
QHFHVDULDSDUDODHYROXFLyQGHOVLVWHPDVHDQODVSREODFLRQHV
WRWDOHV GH FDGD WLSR GH DJHQWH R HVSHFLH TXH VH GDQ HQ HO
HQWRUQR

0RGHODGRGHOWLHPSR
(OWLHPSRVHPRGHODGHIRUPDGLVFUHWD\HYROXFLRQDFRQ
UHVSHFWRDXQ LQFUHPHQWRGH WLHPSR(QHO60$WRGRV ORV
DJHQWHV DFW~DQ H LQWHUDFW~DQ DOPLVPR WLHPSRFRQ UHVSHWR
DOSULQFLSLRGHFDXVDOLGDG)LDQ\RHWDO

 352%$%,/,'$'(6'(75$16,&,Ï1
,QLFLDOPHQWH HV QHFHVDULR WUDQVIRUPDU XQD HFXDFLyQ
GLIHUHQFLDO FRQWLQXD HQ XQD HFXDFLyQ HQ GLIHUHQFLDV 3RU
VLPSOLFLGDGVHUHDOL]DODDSUR[LPDFLyQPHGLDQWHGLIHUHQFLDV
ILQLWDVSRUHOPpWRGRGH(XOHU

(Q OD HFXDFLyQ  VH SUHVHQWD XQD DSUR[LPDFLyQ SRU
GLIHUHQFLDV ILQLWDV GH XQ FRQMXQWR GH µQ¶ HFXDFLRQHV
GLIHUHQFLDOHV RUGLQDULDV TXH GHILQHQ FRUUHFWDPHQWH HO
FRPSRUWDPLHQWRGHXQVLVWHPDFXDOTXLHUD

( )     SDUD  L L L Q[ G[ I [ [ [ W L QW GW
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

6RQSRVLEOHVRWUDVDSUR[LPDFLRQHVHQGLIHUHQFLDVILQLWDV
EDVDGDV HQ HVTXHPDV GH LQWHJUDFLyQ GH HFXDFLRQHV
GLIHUHQFLDOHV WDOHV FRPR 5XQJH.XWWD $ SHVDU GH HVWR
~OWLPR ORV DXWRUHV QR KDQ DSUHFLDGR GLIHUHQFLDV
VLJQLILFDWLYDV HQ ORV UHVXOWDGRV \ FRQFOXVLRQHV REWHQLGDV
FRQODVVLPXODFLRQHVGHORVPRGHORV('2\60$

3RURWURODGRSDUDHOFiOFXORGHODVSUREDELOLGDGHVGHODV
PiTXLQDV GH HVWDGRV GH FDGD DJHQWH HQ FDGD LWHUDFLyQ VH
XWLOL]DXQHVTXHPDGH0RQWH&DUOR

8QPRGHOREDVDGRHQXQHVTXHPDGH0RQWH&DUORHVXQ
PRGHORTXHVHEDVDHQXQJHQHUDGRUGHQ~PHURVDOHDWRULRV
FRQ XQD GHWHUPLQDGD GLVWULEXFLyQ SDUD UHDOL]DU XQD
SUHYLVLyQHVWLPDFLyQRDQiOLVLV)LVKPDQ

(O JHQHUDGRU GH Q~PHURV DOHDWRULRV TXH VH XWLOL]D SDUD
VLPXODU HO 60$ SURSXHVWR SRU ORV DXWRUHV GHYXHOYH
Q~PHURV SVHXGR DOHDWRULRV FRQ XQD GLVWULEXFLyQ XQLIRUPH
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HQ HO LQWHUYDOR > @ +DFLHQGR XVR GH HVWH JHQHUDGRU VH
ORJUD FUHDU ORV HYHQWRV FRQ ODV SUREDELOLGDGHV TXH
FRUUHVSRQGHQDFDGDDJHQWHHQXQLQVWDQWHGDGR

(Q ODV VHFFLRQHV VLJXLHQWHV VHDQDOL]DHOPRGHORPXOWL
DJHQWH SURSXHVWR 3DUD FRQVWUXLU HO 60$ VH SDUWH GHO
VLVWHPDGH('2GHILQLGRHQODHFXDFLyQ

3UREDELOLGDGHVVLµ¦L[«[QW¶
6L µ¦L[« [Q W  ¶ QLQJ~Q DJHQWH VH UHSURGXFH HQ
HVH LQVWDQWH GH WLHPSR µW¶ 3RU WDQWR ORV ~QLFRV HYHQWRV
SRVLEOHV VRQ OD VXSHUYLYHQFLD R OD PXHUWH GH XQ DJHQWH
PHGLDQWHODPiTXLQDGHHVWDGRVµ9LYLU0RULU¶

/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRV µ9LYLU0RULU¶ VRQ GHILQLGDV FRPR XQ SURFHVR
ELQRPLDO GDGR TXH ORV DJHQWHV SXHGHQ HVWDU HQ HO HVWDGR
µ9LYR¶ R SXHGHQ SDVDU DO HVWDGR DEVRUEHQWH µ0XHUWR¶ FRQ
XQDSUREDELOLGDGGDGD

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SDUD QL = GRQGH
• µ0L¶HVHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶TXHPXHUHQ
HQHOVLJXLHQWHLQVWDQWHGHWLHPSR
• µ[L¶HVHOQ~PHUR WRWDOGHDJHQWHVGH ODHVSHFLH µL¶HQXQ
LQVWDQWHGHWLHPSRµW¶
• µ3LP¶ HV OD SUREDELOLGDG GH PXHUWH GH XQ DJHQWH GH OD
HVSHFLHµL¶HQHOVLJXLHQWHLQVWDQWHGHWLHPSR
• µ*0L¶HVODSUREDELOLGDGGHTXHµ0L¶DJHQWHVPXHUDQHQ
HOVLJXLHQWHLQVWDQWHGHWLHPSR

(OYDORUPHGLRGHOQ~PHURGHDJHQWHVTXHPXHUHQHQHO
VLJXLHQWH LQVWDQWH GH WLHPSR VLJXH XQD GLVWULEXFLyQ
ELQRPLDO /D HVSHUDQ]DPDWHPiWLFD R YDORU HVSHUDGR µ0L¶
HV

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

/D HVSHUDQ]D PDWHPiWLFD R YDORU HVSHUDGR GH µ0L¶ HV
LJXDODOYDORUPHGLRGHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶
TXH PXHUHQ HQWUH ORV LQVWDQWHV µW¶ \ µWǻW¶ \ D OD YH] HV
LJXDO DO YDORU DEVROXWR GHO GHFUHPHQWR GH OD YDULDEOH GH
HVWDGRµ[L¶GHODHFXDFLyQGLIHUHQFLDO(PSOHDQGR\
VHREWLHQH

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(PSOHDQGR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
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
(PSOHDQGR\VHFDOFXODHOYDORUGHµ3LY¶

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
(QODVHFXDFLRQHV\VHFXPSOHVLHPSUHTXHµ[L
¶SRUTXH ODVSUREDELOLGDGHVµ3LP¶ \ µ3LY¶ VHDSOLFDQD ORV
DJHQWHV GH OD HVSHFLH µL¶ \ QR HV SRVLEOH XWLOL]DU HVWDV
SUREDELOLGDGHVVLQRH[LVWHDOPHQRVXQDJHQWHGHODHVSHFLH
µL¶DOTXHDVLJQiUVHODV

3UREDELOLGDGHVVLµ¦L[«[QW!¶
6L µ¦L[« [Q W ! ¶ QLQJ~Q DJHQWH PXHUH HQ HVH
LQVWDQWH GH WLHPSR µW¶ 3RU WDQWR ORV ~QLFRV HYHQWRV
SRVLEOHV VRQ OD VXSHUYLYHQFLD R OD UHSURGXFFLyQ GH XQ
DJHQWH PHGLDQWH OD PiTXLQD GH HVWDGRV µ5HSURGXFLU
$ERUWDU¶

/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRV µ5HSURGXFLU$ERUWDU¶ VRQGHILQLGDV WDPELpQ FRPR
XQSURFHVRELQRPLDOSRUTXHORVDJHQWHVSXHGHQHVWDUHQHO
HVWDGR µ5HSURGXFH¶ R HQ HO HVWDGR µ$ERUWR¶ FRQ XQD
SUREDELOLGDGGHWUDQVLFLyQ

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SDUD QL = GRQGH
• µ5L¶HVHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶TXHQDFHQHQ
HOVLJXLHQWHLQVWDQWHGHWLHPSR
• µ[L¶HVHOQ~PHUR WRWDOGHDJHQWHVGH ODHVSHFLH µL¶HQXQ
LQVWDQWHGHWLHPSRµW¶
• µ3LU¶HVODSUREDELOLGDGGHTXHXQDJHQWHGHODHVSHFLHµL¶
PXHUDHQHOVLJXLHQWHLQVWDQWHGHWLHPSR
• µ*5L¶ HV OD SUREDELOLGDG GH TXH µ5L¶ DJHQWHV VH
UHSURGX]FDQHQHVHLQVWDQWHGHWLHPSR

(O YDORUPHGLRGHO Q~PHURGH DJHQWHV TXHQDFHQ HQ HO
VLJXLHQWH LQVWDQWH GH WLHPSR VLJXH XQD GLVWULEXFLyQ
ELQRPLDO/DHVSHUDQ]DPDWHPiWLFDRYDORUHVSHUDGRGHµ5L¶
HV

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/D HVSHUDQ]D PDWHPiWLFD R YDORU HVSHUDGR GH µ5L¶ HV
LJXDODOYDORUPHGLRGHOQ~PHURGHDJHQWHVGHODHVSHFLHµL¶
TXH HQWUH ORV LQVWDQWHV µW¶ \ µWǻW¶ \ D OD YH] HV LJXDO DO
LQFUHPHQWRGHODYDULDEOHLQGHSHQGLHQWHµ[L¶GHODHFXDFLyQ
GLIHUHQFLDO(PSOHDQGR\VHREWLHQH

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(PSOHDQGR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VHFDOFXODHOYDORUGHµ3LD¶
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
(QODVHFXDFLRQHV\VHFXPSOHVLHPSUHTXHµ[L
¶SRUTXHODVSUREDELOLGDGHVµ3LU¶\µ3LD¶VHDSOLFDQDORV
DJHQWHV GH OD HVSHFLH µL¶ \ QR HV SRVLEOH XWLOL]DU HVWDV
SUREDELOLGDGHV VL QR H[LVWH DO PHQRV XQ DJHQWH µL¶ DO TXH
DVLJQiUVHODV

3UREDELOLGDGHVVLµ¦L[«[QW ¶
6Lµ¦L[«[QW ¶QRVHSURGXFHQLQJXQDGHIXQFLyQ
QL QDFLPLHQWR VyOR VH SURGXFH XQ PRYLPLHQWR GH ORV
DJHQWHVSRUHOHQWRUQR/DVSUREDELOLGDGHVGHWUDQVLFLyQGH
ODVPiTXLQDVGHHVWDGRVTXHGDQ
• /DPiTXLQDGHHVWDGRVµ9LYLU0RULU¶TXHGDµ3LY ¶
\µ3LP ¶
• /DPiTXLQDGHHVWDGRVµ5HSURGXFLU$ERUWDU¶TXHGD
µ3LU ¶\µ3LD ¶

2WUDRSFLyQFXDQGRµ¦L[«[QW ¶HVLQWURGXFLUXQ
FRPSRUWDPLHQWR DOHDWRULR DVLJQDQGR GLVWULEXFLRQHV GH
SUREDELOLGDGDORVSDUiPHWURVµ3LP¶\µ3LU¶DMXVWiQGRVHDOD
UHDOLGDGGHO VLVWHPDPRGHODGR(OFiOFXORGH µ3LY¶ \ µ3LD¶
VHUHDOL]DXVDQGRODVHFXDFLRQHV\UHVSHFWLYDPHQWH

 02'(/2'(/0&0(',$17(60$
6H KD XWLOL]DGR XQ VLVWHPD GH ('2 TXH PRGHOD OD
/HXFHPLD 0LHORLGH &UyQLFD /0& SDUD VHU FRPSDUDGR
FRQ HO 60$ /D /0& HV XQ FiQFHU TXH DIHFWD D XQ
GHWHUPLQDGRWLSRGHFpOXODVHQHOVLVWHPDLQPXQH

(OPRGHORGH('2HOHJLGRFRQVLVWHHQSREODFLRQHVGH
FpOXODV ODV FpOXODV 7 QDLYH ODV FpOXODV 7 DFWLYDGDV
HVSHFtILFDPHQWHSDUDOD/0&\ODVFpOXODVFDQFHUtJHQDVGH
/0&(OPRGHORGH/0&XWLOL]DGRHQHOSUHVHQWH WUDEDMR
FRQVXVSDUiPHWURV\FRQGLFLRQHVLQLFLDOHVGHODV('2HVWi
GHVFULWR HQ SURIXQGLGDG HQ 0RRUH DQG /L  $
FRQWLQXDFLyQVHPXHVWUDHOVLVWHPDGH('2HOHJLGR

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6LHQGR
• µW¶UHSUHVHQWDHOWLHPSRPHGLGRHQGtDV
• µ7Q¶ UHSUHVHQWD HO Q~PHUR GH µFpOXODV 7 QDLYH¶ QDLYH 7
FHOOVSRUPLFUROLWURȝO
• µ7H¶ UHSUHVHQWD HO Q~PHUR GH µFpOXODV 7 DFWLYDGDV
HVSHFtILFDPHQWHSDUDOD/0&¶SRUȝO
• µ&¶ UHSUHVHQWD HO Q~PHUR GH µFpOXODV FDQFHUtJHQDV GH
/0&¶SRUȝO
/RVSDUiPHWURVGHOPRGHORHVWiQHVSHFLILFDGRVHQODWDEOD

&iOFXORGHODVSUREDELOLGDGHVGHOPRGHOR60$
HTXLYDOHQWH
/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH ODV PiTXLQDV GH
HVWDGRV µ5HSURGXFLU$ERUWDU¶ \ µ9LYLU0RULU¶ VRQ
FDOFXODGDVSDUDODVHVSHFLHVGHDJHQWHV

0iTXLQDGHHVWDGRVµ5HSURGXFLU$ERUWDU¶
/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRVµ5HSURGXFLU$ERUWDU¶GH ODHVSHFLHGHFpOXODV µ7Q¶
VRQ

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
/DV SUREDELOLGDGHV GH WUDQVLFLyQ GH OD PiTXLQD GH
HVWDGRV µ5HSURGXFLU$ERUWDU¶GH ODHVSHFLHGHFpOXODV µ7H¶
VRQ
Modelo de LMC mediante SMA
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
6LPXODFLyQ
/D VLPXODFLyQ GHO VLVWHPD GH ('2 \ GHO 60$ HV
UHDOL]DGD FRQ ORV VLJXLHQWHV SDUiPHWURV SURSXHVWRV SRU
0RRUHDQG/L

7DEOD/RVYDORUHVSDUDORVSDUiPHWURVGHODVLPXODFLyQ
3DUiPHWUR 'HVFULSFLyQ 9DORU 8QLGDGHV
µVQ¶ )XHQWHGHµ7Q¶ 
FHOXODV
O GtDVμ ⋅

µGQ¶ ËQGLFHGHPRUWDOLGDGGHµ7Q¶ 
GtDV− 
µGH¶ ËQGLFHGHPRUWDOLGDGGHµ7H¶ 
GtDV− 
µGF¶ ËQGLFHGHPRUWDOLGDGGHµ&¶ 
GtDV− 
µNQ¶ 'LIHUHQFLDFLyQGHµ7Q¶  GtDV− 
µȘ¶ 0LFKDHOLV0HQWHQ  FHOXODVOμ

µĮQ¶ 3UROLIHUDFLyQµ7H¶  
µĮH¶ 5HFOXWDPLHQWRµ7H¶  GtDV− 
µ&PD[¶ µ&¶Pi[LPR 
FHOXODV
Oμ

µUF¶ &UHFLPLHQWRGH&  GtDV− 
µȖH¶ 3HUGLGDGHµ7H¶GHELGRD& 
O
FHOXODV GtDV
μ
⋅

µȖF¶ 3HUGLGDGH&GHELGRDµ7H¶ 
O
FHOXODV GtDV
μ
⋅


/DV VLJXLHQWHV FRQGLFLRQHV LQLFLDOHV VRQ XVDGDV SDUD OD
VLPXODFLyQGHORVGRVPRGHORV60$\VLVWHPDGH('2V
 QDLYHV Q FpOXODV 77 Oμ• = 
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      H FpOXODV 7 DFWLYDGDV HVSHFLILFDPHQWH SDUD OD /0&7 Oμ• =

    FpOXODV FDQFHUtJHQDV GH /0&& Oμ• =


(O PRYLPLHQWR EURZQLDQR VH HOLJH SDUD HO
GHVSOD]DPLHQWRGHORVDJHQWHVSRUHOHQWRUQRSRUTXHHVXQ
PRGHOR ELROyJLFR GH XQD SREODFLyQ GH FpOXODV TXH
LQWHUDFW~DQ GHQWUR GH XQ IOXLGR VDQJXtQHR (Q HVWD
DSOLFDFLyQ VL ELHQ VHKDQ LQWURGXFLGR DJHQWHVPyYLOHV QR
VH KD FRQWHPSODGR ORV YDORUHV TXH FDGD DJHQWH SXHGH
REWHQHUDQLYHOORFDO3RUWDQWRODVSUREDELOLGDGHVGHPXHUWH
R UHSURGXFFLyQ GH ODV FpOXODV GH OD PLVPD HVSHFLH HQ XQ
GHWHUPLQDGR LQVWDQWH YDQ D VHU ODV PLVPDV
LQGHSHQGLHQWHPHQWH GH OD SRVLFLyQ TXH RFXSHQ HQ HO
HQWRUQR


)LJXUD&RPSDUDWLYDHQWUHHO60$\HOVLVWHPDGH('2HQ
ODHYROXFLyQGHODVµFpOXODV7QDLYH¶

(QODILJXUDSXHGHREVHUYDUVHTXHHOPRGHORGH('2\
60$VHFRPSRUWDQGHIRUPDVLPLODUDOPRGHODUHOQ~PHUR
GHµFpOXODV7QDLYH¶

$O PRGHODU HO Q~PHUR GH µFpOXODV 7 DFWLYDGDV
HVSHFtILFDPHQWH SDUD OD /0&¶ HO 60$ \ HO PRGHOR GH
('2 VH FRPSRUWDQ GH IRUPD GLVWLQWD FRPR SXHGH
REVHUYDUVH HQ OD ILJXUD  6H PXHVWUD TXH HO LQWHUYDOR GH
WLHPSR HQWUH  \  GtDV SRUTXH HV HO LQWHUYDOR PiV
VLJQLILFDWLYR

(OPRGHORGH('2QRGHILQHFRQFODULGDGHOLQVWDQWHHQ
HO TXH ODV µFpOXODV 7 DFWLYDGDV HVSHFtILFDPHQWH SDUD OD
/0&¶VHH[WLQJXHQSRUTXHHVWDVFpOXODVWLHQGHQDFHURSHUR
VLQOOHJDUDDOFDQ]DUORHQQLQJ~QPRPHQWR

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Sistema de EDO
)LJXUD&RPSDUDWLYDHQWUHHO60$\HOVLVWHPDGH('2HQ
ODHYROXFLyQGHODVµFpOXODVFDQFHUtJHQDVGH/0&¶

(O 60$ GHILQH FODUDPHQWH HO LQVWDQWH HQ HO TXH ODV
µFpOXODV 7 DFWLYDGDV HVSHFtILFDPHQWH SDUD OD /0&¶ VH
H[WLQJXHQ (Q HVWD VLPXODFLyQ HO LQVWDQWH HQ HO TXH VH
H[WLQJXHQ HVWi HQ WRUQR D ORV  GtDV FRPR SXHGH
DSUHFLDUVHHQODILJXUD

$O PRGHODU HO Q~PHUR GH µFpOXODV FDQFHUtJHQDV GH
/0&¶ HO PRGHOR GH ('2 \ 60$ QR VH FRPSRUWDQ GH OD
PLVPD IRUPD DXQTXH ORV GRV PRGHORV WLHQGHQ KDFLD HO
PLVPR SXQWR GH HTXLOLEULR WDO \ FRPR VH REVHUYD HQ OD
ILJXUD

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(OGLIHUHQWH FRPSRUWDPLHQWR GH ORVPRGHORV VH H[SOLFD
SRUTXHHQHO60$ODVµFpOXODV7DFWLYDGDVHVSHFtILFDPHQWH
SDUD OD /0&¶ VH H[WLQJXHQ FRPSOHWDPHQWH HQ HO LQVWDQWH
GtDVPLHQWUDVTXHHQHOPRGHORGH('2HOQ~PHURGH
µFpOXODV7DFWLYDGDVHVSHFtILFDPHQWHSDUDOD/0&¶DSDUWLU
GHHVHLQVWDQWHHVXQQ~PHURIUDFFLRQDULRPHQRUTXHXQR

 352%$%,/,'$''((;7,1&,Ï1
(V LQWHUHVDQWH SRGHU GHGXFLU XQ LQWHUYDOR GH WLHPSR
HQWUH HO LQVWDQWH LQLFLDO \ XQ LQVWDQWH GH WLHPSR µ=L¶ HQ HO
FXDOVHSURGX]FDODH[WLQFLyQGHXQDHVSHFLHµL¶GHDJHQWHV
yFpOXODVFRQXQDSUREDELOLGDGGDGD

(Q HO DSDUWDGR  VH H[SOLFD XQ PpWRGR SDUD SRGHU
LGHQWLILFDUHOLQVWDQWHGHWLHPSRµ=L¶DSDUWLUGHXQFRQMXQWR
GH VLPXODFLRQHV GHO PRGHOR 60$ (Q HO DSDUWDGR  VH
H[SOLFDFyPRVHSXHGHREWHQHUHO WLHPSRGHH[WLQFLyQ µ=L¶
FRQ XQD SUREDELOLGDGGDGD D SDUWLU GH XQD GLVWULEXFLyQ GH
:HLEXOO DMXVWDGD FRQ ORV GDWRV REWHQLGRV HQ ODV
VLPXODFLRQHV

&iOFXORGHODGLVWULEXFLyQGHOWLHPSRGHH[WLQFLyQ
3ULPHUR HQ FDGD XQD GH ODV µP¶ VLPXODFLRQHV GHO
SURFHVRVHUHFRJHHOSULPHULQVWDQWHGHWLHPSRHQHOFXDOHO
Q~PHUR GH DJHQWHV GH OD HVSHFLH µL¶ HV LJXDO D FHUR 6H
REWLHQH GH HVWD PDQHUD XQ YHFWRU GH WLHPSRV µ%L¶ DO
UHDOL]DUVHODVµP¶VLPXODFLRQHV

{ }    SDUD  L L L L P% E E E L Q= = 

6HJXQGRVHFRQVWUX\HXQKLVWRJUDPDFRQORVYDORUHVGHO
YHFWRUµ%L¶3DUDHOORSULPHURVHGLVFUHWL]DHOWLHPSRHQµT¶
LQWHUYDORVGHWDPDxRµ4L¶


PD[  PLQ 
SDUD  
L P L P
L LLL
L
% %
4 L QT
= =
==
−
= =


7HUFHURVHFODVLILFDQORVYDORUHVGHOYHFWRUµ%L¶ GHQWUR
GH ORV LQWHUYDORV GH WLHPSR GLVFUHWL]DGRV REWHQLHQGR HO
GLDJUDPDGHODILJXUD

&XDUWR VH DMXVWD XQD GLVWULEXFLyQ :HLEXOO FRQ HVWRV
WLHPSRV GH H[WLQFLyQ REWHQLGRV HQ ODV VLPXODFLRQHV
UHDOL]DGDVSDUDSRGHUGHWHUPLQDUHOWLHPSRGHH[WLQFLyQGH
HVWDV FpOXODV FRQ XQD SUREDELOLGDG GDGD \D TXH HVWD
H[WLQFLyQGHWHUPLQDFXiQGRVHDOFDQ]DODHWDSDDJXGDGHOD
HQIHUPHGDG

&iOFXORGHOWLHPSRGHH[WLQFLyQFRQXQDSUREDELOLGDG
GDGD

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)LJXUD  'LDJUDPD GH IUHFXHQFLDV GH µFpOXODV 7 DFWLYDGDV
HVSHFtILFDPHQWHSDUDOD/0&¶TXHVHKDQH[WLQJXLGRHQ
FDGDLQVWDQWHGHWLHPSR

(QHVWHFDVRSUiFWLFRGH/0&VHXVDXQDGLVWULEXFLyQGH
SUREDELOLGDG GH :HLEXOO SDUD GHVFULELU HO WLHPSR GH
H[WLQFLyQGH ODV µFpOXODV7DFWLYDGDVHVSHFtILFDPHQWHSDUD
OD/0&¶0LOWRQDQG$UQROG

/DIXQFLyQGHGHQVLGDGGHSUREDELOLGDGGH:HLEXOOHV

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6H UHDOL]D XQD DSUR[LPDFLyQ GHO KLVWRJUDPD GH
IUHFXHQFLDV DFXPXODGDV PHGLDQWH OD GLVWULEXFLyQ GH
SUREDELOLGDGGH:HLEXOO3DUDHVWRVHXWLOL]DXQDMXVWH
SRUPtQLPRVFXDGUDGRV:X'HWDO

/DSUREDELOLGDGµǜį¶GHTXHXQDHVSHFLH µL¶GH
DJHQWHVVHH[WLQJDDQWHVGHXQWLHPSRµ=L¶HVWiGDGDSRU

[ ] L L3 ] = δ≤ = − 

Probabilidad de extinción
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Distribución acumulada de Weibull
Aproximación por minimos cuadrados

)LJXUD  )XQFLyQ GH IUHFXHQFLDV DFXPXODGDV \ IXQFLyQ GH
DSUR[LPDFLyQSRUPtQLPRVFXDGUDGRV

8QDGLVWULEXFLyQGHSUREDELOLGDGµZL]¶FXPSOHTXH
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L=
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

&RPELQDQGR ODV HFXDFLRQHV  \  \ GHVSHMDQGR
µ=L¶VHREWLHQHODHFXDFLyQ

( ) β
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ª
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


&RQVLGHUDQGR XQD SUREDELOLGDG GH  \ VXVWLWX\HQGR
ORV YDORUHV GH µĮ ¶ \ µȕ ¶ FDOFXODGRV FRQ
PtQLPRVFXDGUDGRV  HO WLHPSRGHH[WLQFLyQGH ODV FpOXODV
GHODHVSHFLHµL¶REWHQLGRVLJXLHQGRHOPpWRGRH[SXHVWRHV
GHµ¶GtDV(VWHYDORUFRPRVHSXHGHDSUHFLDUHV
FRKHUHQWHFRQHOKLVWRJUDPDGHODILJXUD


 &21&/86,21(6
(Q HVWH WUDEDMR VH PXHVWUD OD PHWRGRORJtD SDUD
WUDQVIRUPDUXQVLVWHPDGH('2HQXQ60$HTXLYDOHQWH\
ODVYHQWDMDVGHPRGHODU VLVWHPDVELROyJLFRV FRQXQ VLVWHPD
EDVDGR HQ DJHQWHV /D SULPHUD YHQWDMD FRQVLVWH HQ TXH HO
PRGHOR 60$ FRQ XQ PLVPR HVWDGR LQLFLDO \ XQRV
SDUiPHWURV LGpQWLFRVQRSURSRUFLRQDHQFDGD UHDOL]DFLyQy
VLPXODFLyQ OD PLVPD VROXFLyQ (VWH FRPSRUWDPLHQWR
DOHDWRULRSHUPLWHFRPSUHQGHUPHMRUFyPRHVSRVLEOHTXHHQ
VLWXDFLRQHVHTXLYDOHQWHVHOFRPSRUWDPLHQWRGHXQSDFLHQWH
GLILHUD IXHUWHPHQWHGH ODGHRWUR(Q ORVPRGHORV('2 OD
VROXFLyQTXH VHREWLHQHDQWHXQPLVPRHVWDGR LQLFLDO\XQ
PLVPR FRQMXQWR GH YDORUHV SDUD ORV SDUiPHWURV HV ~QLFD
(VWR KDFH TXH XQD VLWXDFLyQ FRQFUHWD VRODPHQWH SXHGD
GHVDUUROODUVHGHXQ~QLFRPRGR(VSRVLEOHTXHXQPRGHOR
('2 SUHVHQWH FRPSRUWDPLHQWRV PX\ GLIHUHQWHV FRQ
FRQGLFLRQHVLQLFLDOHVPX\VLPXODUHVTXHSHUPLWDQH[SOLFDU
SRU TXH SDFLHQWHV FRQ VLWXDFLRQHV HTXLYDOHQWHV WLHQHQ XQ
GHVDUUROORGHODHQIHUPHGDGGLIHUHQWH(VWDVFDUDFWHUtVWLFDV
VRQ SURSLDV GH VLVWHPDV FDyWLFRV R GH HFXDFLRQHV FRQ
VHQVLELOLGDG D ODV FRQGLFLRQHV LQLFLDOHV SHUR HO PRGHOR
WUDWDGRQRSUHVHQWDGLFKDVFDUDFWHUtVWLFDV

/D VHJXQGD YHQWDMD VHJ~Q VH PXHVWUD HQ HVWH WUDEDMR
FRQVLVWH HQ TXH HO 60$ PRGHOD SREODFLRQHV R
HQIHUPHGDGHVHSLGHPLROyJLFDVGHXQPRGRPiVUHDOLVWD\D
TXHFDGDYDULDEOHGHOVLVWHPDGH('2HTXLYDOHDOQ~PHUR
HQWHUR GH DJHQWHV GH HVD HVSHFLH'H HVWD IRUPD HO 60$
PRGHOD ODV YDULDEOHV GH XQ PRGR GLVFUHWR \ GHQWUR GHO
UDQJR GH ORV Q~PHURV SRVLWLYRV (VWD FXHVWLyQ TXH SXHGH
SDUHFHU D SULPHUD YLVWD LUUHOHYDQWH VH PXHVWUD
HVSHFLDOPHQWH LPSRUWDQWH FXDQGR VH GHVHD GHWHUPLQDU OD
H[WLQFLyQ GH FLHUWDV SREODFLRQHV GH DJHQWHV R FpOXODV TXH
KDFHQTXHVHGHVHQFDGHQHQXQDVHULHGHSDWRORJtDVFRPRHV
HOFDVRGHOD/0&

/D WHUFHUD YHQWDMD FRQVLVWH HQ TXH D SHVDU GH TXH HO
SUREOHPDSURSXHVWRQRVHKDFRQWHPSODGROD LQIOXHQFLDGH
ODGLVWULEXFLyQHVSDFLDOGHORVDJHQWHVSRUVLPSOLFLGDGHQOD
H[SRVLFLyQ GHO PRGHOR UHVXOWD VHQFLOOR JHQHUDOL]DU HO
PRGHORSDUDTXHFRQWHPSOHHOPRYLPLHQWRGH ORVDJHQWHV
(Q QXHVWUR FDVR HO 60$ PRGHOD SRU PHGLR GH XQD OH\
HVWRFiVWLFD R GLVWULEXFLyQ HVWDGtVWLFD ORV FDPELRV TXH VH
GDQHQODVSREODFLRQHVGHELGRDHVWDV LQWHUDFFLRQHVTXHVH
GDQHQWUHODVFpOXODVRSREODFLRQHVGHDJHQWHV

&RPRFXDUWDYHQWDMDFRQVLVWHHQTXHHVSRVLEOHHVWLPDU
OD SUREDELOLGDG GH FDGD SRVLEOH VROXFLyQ \ GDU OD
SUREDELOLGDGGH XQ HYHQWR FRQFUHWR \D TXH VH GLVSRQHGH
ODV SUREDELOLGDGHV GH WUDQVLFLyQ HQ FDGD LQVWDQWH (VWD
SURSLHGDG HV HVSHFLDOPHQWH LPSRUWDQWH FXDQGR VH TXLHUH
FRQRFHU OD SUREDELOLGDG GH HOLPLQDFLyQ FRPSOHWD GH ODV
FpOXODVGHXQWXPRUHQFRQFUHWRHQWUDWDPLHQWRVGHFiQFHU
(Q HO PRGHOR SODQWHDGR VH PXHVWUD FyPR HV SRVLEOH
SODQWHDUGH IRUPDQDWXUDO OD H[WLQFLyQGH XQDGHWHUPLQDGD
SREODFLyQ GH DJHQWHV OR TXH SHUPLWH GHILQLU HQ WpUPLQRV
HVWDGtVWLFRV HO GHVDUUROOR GH XQDSDWRORJtD R GH VX SRVLEOH
FXUDFLyQ


(QJOLVK6XPPDU\
60$EDVHG VLPXODWLRQ RI V\VWHPV RULJLQDOO\
UHSUHVHQWHGZLWK('2


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$EVWUDFW

,Q WKH SUHVHQW ZRUN D PHWKRGRORJ\ LV H[SRVHG WR PRGHO
XVLQJ D 0XOWL$JHQW 6\VWHP 0$6 ELRORJLFDO DQG
SK\VLRORJLFDO G\QDPLF V\VWHPV ZLWK GLVFUHWH TXDQWLILHG
YDULDEOHV VXFK DV JURZWK DQG GHFUHDVH RI SRSXODWLRQV RU
HSLGHPLRORJLFDOPRGHOOLQJRIGLVHDVH,WLVVKRZQDSURFHGXUH
WR WUDQVIRUPD2UGLQDU\'LIIHUHQWLDO(TXDWLRQVV\VWHP2'(
WKDWPRGHOVWKHHQYLURQPHQWFRUUHFWO\RQDQHTXLYDOHQW0$6
XVLQJ D VFKHPD EDVHG RQ 0RQWH &DUOR PHWKRG $ SUDFWLFDO
FDVH EDVHG RQ D PDWKHPDWLFDO PRGHO RI &KURQLF 0\HORLG
/HXNDHPLD&0/LVXVHGWRFRPSDUHWKHPHWKRGRORJ\EDVHG
RQDJHQWVZLWKWKHWUDGLWLRQDOPRGHOEDVHGRQDQ2'(V\VWHP
$VLPXODWLRQIRUHDFKPRGHO0$6DQG2'(LVH[HFXWHGDQG
WKHUHVXOWVREWDLQHGZLWKERWKPHWKRGRORJLHVDUHFRPSDUHG

.H\ZRUGV

'LIIHUHQWLDOHTXDWLRQ$JHQWEDVHGPRGHO0RQWH&DUOR

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